INTRODUCTION
Friend, Moloney, and Rauscher virus-induced transplantable tumors are antigenic in syngeneic mice (1, (4) (5) (6) . Lymphomas in duced by a given FMR2 virus have a common antigenic specific-ity [ (1, 4, 5) and J. P. Glynn, J. L. McCoy, and A. Fefer, unpub lished observations]. Transplantation resistance to a given syn geneic FMR tumor can be induced by pretreating mice with X-irradiated syngeneic FMR cells, allogeneic FMR cells, or infectious FMR viruses.
In general, strong transplantation resistance is readily induced by the above methods in C57BL/6 mice. However, resistance is difficult to induce in BALB/c mice by any method, and espe cially difficult by pretreatment with infectious virus (1, 4) .
Whether the difficulty in inducing transplantation resistance in BALB/c mice is due to a lesser intrinsic immunogenicity of FMR lymphoma cells of BALB/c origin, or whether it is due to a lesser immunologie reactivity of the host against the tumor cells or their viruses is not known. Therefore, studies were per formed to compare (a) the ability of BALB/c and C57BL/6 FMR lymphomas to induce transplantation resistance in both strains, (6) the virus-releasing capacity of FMR tumors of both strains, and (c) the susceptibility of weanling BALB/c and C57BL/6 mice to one of the FMR viruses.
MATERIALS AND METHODS

Mice
Male and female BALB/c and C57BL/6 mice, 8-12 weeks old, were used. For any given experiment, mice of the same sex and mice from only one source were used. All mice were obtained from the production colonies of Jackson Memorial Laboratory, Batelle Memorial Laboratory, and Kansas University.
Tumors
The basic data on the transplantable tumors are presented in Table 1 . The primary tumors were induced by inoculating C57BL/6 and BALB/c newborn mice with Friend, Moloney, or Rauscher virus. The tumors were maintained by serial trans plantation at weekly or biweekly intervals.
Preparation of Cell Suspensions
Solid lymphomas were forced through an 18-gauge needle into 2 volumes of Hank's Balanced Salt Solution (HBSS). Uniform cell suspensions were obtained by filtering the brei through 4-6 layers of cotton gauze. Ascites lines were prepared by serially diluting ascites fluid in HBSS. Cells were counted after dilution with trypan blue, and the cell concentration was adjusted in HBSS.
TABLEl
Basic Data on the Transplantable Lymphomas Used in This Study
DesignationFBL-3FC-3MBL-2LSTRARBL-4RCL-1RBL-3MCDV-12Virus etiologyFriendFriendMoloneyMoloneyRauscherRauscherRauscherRauscherGenotypeC57BL/6BALC/cC57BL/6BALB/cC57BL/6BALB/cC57BL/6BALB/cFormAscitesSolidAscitesAscitesAscitesAsc of transplant generations prior to use1952031942862832
Virus
Rauscher virus, Lot No. P-972, was obtained from Dr. Rauscher. This was a 10% extract of infected BALB/c splenic material. The virus dilutions were made in HBSS.
X-irradiation
Tumor cells were X-irradiated with 5,000 or 10,000 R under the conditions previously described (1).
Immunization
BALB/c and C57BL/6 mice received 2 injections of X-ir radiated allogeneic orsyngeneic FMR cellsintraperitoneally (i.p.)i or viable allogeneic FMR cells subcutaneously (s.c.), 2 weeks apart. They were challenged with syngeneic FMR cells 2 weeks later. Hosts of both strains were immunized on the same days, and cells used for pretreatment were obtained from a single pool. Immunization with infectious Rauscher virus consisted of a single i.p. injection followed by tumor challenge 4 weeks later.
Transplantation Resistance
Transplantation resistance was determined by challenging control and experimental mice with 10-fold dilutions of viable syngeneic tumor cells s.c. Since normal as well as preimmunized C57BL/6 mice were resistant to small doses of viable syngeneic FMR cells, resistance could be detected only by challenging them with 10-1000 times as many cells as were used in BALB/c mice.
Mice were palpated 3 times a week for local tumore.
Bioassay for Rauscher Virus Infection of BALB/c and C57BL/6 Mice
Four-week-old BALB/c and C57BL/6 mice were inoculated with a 10"1 dilution of Rauscher virus. Groups of 5 mice from each strain were anesthetized and bled by cardiac puncture on the day of infection and at the intervals stated in Chart 1. Plasma obtained from a given strain on a given day was pooled and processed as described by Rauscher and Allen (8) and stored at â€"70Â°C in sealed glass ampoules. Mice were splenectomized im mediately after bleeding and their spleen weights recorded. The stored plasma samples were ultimately inoculated i.p. into 4-week-old BALB/c mice. These recipients were sacrificed 21 days later and their spleen weights recorded.
RESULTS
Immunogenicity of BALB/c and C57BL/6 FMR Lympho mas
The ability of BALB/c and C57BL/6 FMR lymphomas to induce transplantation resistance was compared by pretreating C57BL/6 mice with viable or X-irradiated BALB/c FMR cells or with X-irradiated C57BL/6 FMR cells, and challenging with graded doses of viable FMR lymphomas of C57BL/6 origin. Similarly, BALB/c mice were [Â¡retreated with FMR cells of Tables 2-4 . Table 2 shows that C57BL/6 mice immunized with Friend tumor cells of BALB/c and C57BL/6 origin were resistant to the transplantation of syngeneic Friend cells. In contrast, no detect able transplantation resistance was induced in BALB/c mice pretreated with irradiated Friend cells of BALB/c origin or with viable Friend homograft. Weak resistance was induced with irradiated C57BL/6 Friend tumor cells.
Similar results were observed with the Rauscher tumor system with viable or X-irradiated C57BL/6 Rauscher tumor cells and only weak to moderate resistance was induced by immunizing with an irradiated Rauscher isograft. Table 4 presents comparable results for the Moloney lymphoma system. Although tumor takes in control C57BL/6 mice were fewer than in the other 2 tumor systems, strong transplantation resistance was induced in C57BL/6 mice by all immunizing agents. Of 30 control mice, 13 developed local tumors in contrast to 1/89 preimmunized mice. Strong transplantation resistance was induced only in BALB/c mice pretreated with viable allogeneic Moloney tumor, but only weak or nondetectable resist ance was induced by X-irradiated syngeneic tumor or X-irradi ated allogeneic tumor.
Thus, in all 3 tumor systems all lymphomas of BALB/c and C57BL/6 origin induced strong transplantation resistance in C57BL/6 mice. In contrast, transplantation resistance was usually difficult to induce in BALB/c mice. Minimal resistance was induced with an irradiated Friend tumor of C57BL/6 origin 
Induction of Resistance to Transplantation of Syngeneic Rauscher Tumor Cells in BALB/c and CÃ"7BL/6 Mice
StrainC57BL/6BALB/cTumor challengeFBL-3FC-3Challense cell dose7
X 10" 7 X IO51 X 10Â« 1 X 10s 1 X 10'Immunizing 
Release of Infectious Virus from FMR Cells
Newborn BALB/c mice were inoculated s.c. with 4-17 X IO6 X-irradiated (10,000 R) FMR lymphoma cells of BALB/c or C57BL/6 origin, and were observed for splenomegaly and death. Table 5 shows that all lymphomas tested released infectious virus. No relationship was evident between the amount of virus released and the strain of origin of the inoculated lymphoma. The C57BL/6 Moloney tumor (MBL-2) and the BALB/c Rauscher tumor (RCL-1) induced the lowest incidence of splenomegaly and death, which was suggestive of a lesser release of infectious virus. These 2 tumors induced the most significant transplanta tion resistance in BALB/c mice.
Induction of Transplantation Resistance by Infectious Rauscher Virus
Since all FMR lymphomas used in this study shed infectious virus, pretreatment with either X-irradiated or viable cells re sults in concomitant infection with FMR viruses. Therefore, studies were conducted to determine whether infectious Rauscher virus was capable of inducing resistance to the transplantation of syngeneic Rauscher tumore in C57BL/6 and BALB/c mice. Table 6 shows that strong transplantation resistance was in duced by infecting C57BL/6 mice with graded doses of Rauscher virus. Higher doses of virus appeared to induce the strongest resistance. In contrast, no resistance was induced in BALB/c mice with the dose of Rauscher virus employed ( Table 7) .
Susceptibility of BALB/c and C57BL/6 Mice to Rauscher Virus
The failure of Rauscher virus to induce transplantation resist ance in BALB/c mice suggested that these mice were less cap able than C57BL/6 mice to cope with large quantities of infec tious virus. Therefore, the susceptibility of 4-week-old mice of the 2 strains was compared. Rauscher virus was inoculated, and the development of splenomegaly, viremia, and death was fol lowed. Chart 1 shows that the average spleen weights of BALB/c mice infected with Rauscher virus increased progressively. In contrast, the average spleen weights of infected C57BL/6 mice did not increase significantly above control levels. Similarly, 13/15 infected BALB/c mice died, in contrast to only 1/14 C57BL/6 mice ( Table 8 ). The degree of viremia in BALB/c and C57BL/6 mice infected with Rauscher virus was estimated by inoculating their plasma samples into 4-week-old BALB/c mice. The latter were sacrificed 21 days later and their spleen weights recorded. The results are presented in Chart 2. Plasma obtained from BALB/c and C57BL/6 mice within the first 5 da3-s after infection with Rauscher virus induced comparable splenomegaly in BALB/c mice, suggestive of comparable viremia in the donors of the 2 strains. However, whereas the viremia in C57BL/6 mice remained constant, the viremia in BALB/c donors increased progressively for the 70-day observation period. Days after viral infection in two strains of mice CHART2. Induction of splenomegaly in weanling BALB/c mice inoculated with plasma from Rauscher virus-infected C57BL/6 or BALB/c mice.
DISCUSSION
Transplantation resistance to syngeneic FMR lymphomas can be induced by pretreating mice with FMR viruses or syngeneic or allogeneic FMR cells (1, 4, 5) . Strong transplantation resist ance is readily induced in C57BL/6 mice. However, resistance is difficult to induce in BALB/c mice. To determine whether this difficulty is due to a lesser immunogenicity of FAIR lymphomas of BALB/c origin, the ability of BALB/c and C57BL/6 FMR lymphomas to induce transplantation resistance in both strains was compared. All FMR lymphomas of both strains induced transplantation resistance in C57BL/6 mice. Thus, FMR cells of BALB/c mice were immunogenic in C57BL/6 mice. In con trast, FMR cells of either strain generally induced only weak or nondetectable resistance in BALB/c mice. Similarly, pretreat ment with infectious Rauscher virus induced strong transplanta tion resistance in C57BL/6 mice, but no resistance in BALB/c mice.
Since FMR lymphoma cells are known to shed infectious virus capable of inducing transplantation resistance, the comparative release of infectious virus from X-irradiated FMR lymphomas of BALB/c and C57BL/6 origin was studied in newborn BALB/c mice. No consistent relationship between the amount of virus released by a given tumor and its strain of origin was observed. In any given tumor system, lymphomas releasing lesser amounts of virus were the more effective immunogens for induction of transplantation resistance in BALB/c mice.
The inverse correlation between virus release from tumor cells and their ability to induce transplantation resistance in BALB/c mice, coupled with their marked susceptibility to FMR viruses, suggest that inoculation of BALB/c mice with lymphomas which release large quantities of virus may depress their immunologie reactivity to subsequent tumor challenge. Whether the depres sion is due to a functional effect of an induced viremia, or to a destructive viral effect upon lymphoid cells, is not known. The depression may affect the immunologie responsiveness of the host either to nonrelated antigens, or to antigens specifically asso ciated with the virus of tumor cells.
C3H mice infected with Gross passage A virus have been re ported to exhibit a diminished immunologie response to T2 bacteriophage and skin homografts (3, 7) . Similarly, rats infected with Moloney virus react less strongly against sheep red blood cells than do noninfected rats (2) . Friend virus depressed the primary hemagglutinin response to sheep red blood cells in BALB/c mice (9) . However, BALB/c mice infected with Moloney virus apparently react against sheep red blood cells and skin homografts as strongly as do noninfected controls (4) . Relevant data concerning nonspecific suppression of immunologie reactiv ity for other strains of mice infected with various tumor viruses, are not available.
An alternative explanation for the data presented is that FMR viruses inoculated into genetically susceptible, competent mice may depress the immunologie reactivity of the host against the specific virion or tumor antigens. The depression may depend upon an induced viremia with resultant immunologie paralysis. Finally, adult BALB/c mice may be intrinsically less immunologically reactive than C57BL/6 mice, and may therefore be more susceptible to antigenic overload or immunologie paralysis. However, the possibility must also be considered that BALB/c mice provide more fertile target tissueâ€"either qualitatively or quantitativelyâ€"for viral replication. Therefore, the marked sus ceptibility of BALB/c mice to oncogenesis by FMR viruses, as well as the difficulty of inducing transplantation resistance, may be manifestations of a complex interaction between the pro liferation of the antigen and the immunologie response of the hosts.
